To determine the ability of physicians to make a diagnosis of pertussis and factors associated with improved diagnosis, 8,235 children from 88 child care centers and 14 elementary schools from Quebec City, Quebec, Canada, were evaluated by using a questionnaire completed by parents and a medical record review. Children must have consulted a physician to be included in the evaluation. There were 558 children meeting the surveillance case definition and 416 meeting a modified World Health Organization case definition who consulted a physician. A diagnosis of pertussis was considered in 24% -26% of children meeting either case definition, made in 12% -14%, and reported for 6%. Pertussis diagnosis was significantly associated with having a history of pertussis exposure (P £ .003), four pertussis-related symptoms (P õ .001), and a cough for §5 weeks (P £ .05) and consulting in a hospital setting (P £ .03). The proportion of cases of pertussis diagnosed and reported is low even when children present with classical symptoms.
Bordetella pertussis continues to be an important cause of studies have also demonstrated physician difficulty with diagnosis, especially in adolescents and adults [3, 5, 6, 11] . morbidity in North American children [1 -3] . The actual burden of illness from pertussis is greater than reflected in national A study was undertaken in Quebec City, Quebec, Canada, between May and June 1993. The objectives were to determine statistics, because of underreporting associated with a passive reporting system, the relative insensitivity of laboratory tests, the following: the ability of physicians to make a diagnosis of pertussis, the factors associated with improved diagnosis, and and difficulties in physician diagnosis [2 -7] . In the United States, it has been estimated that only 3% to 12% of cases of the proportion of cases reported to the provincial surveillance system. This study was conducted during a period of increased pertussis in young children are reported to the Centers for Disease Control and Prevention [2, 8] . Nasopharyngeal (NP) incidence of disease. Between 1991 and 1993, the incidence of pertussis in the province of Quebec increased more than culture, the current diagnostic gold standard for pertussis, is highly specific; however, it is relatively insensitive and laborsixfold, reaching 59.4 reported cases per 100,000 population in 1993 [1, 14] . This increase in incidence was associated intensive [8 -10] . Delayed specimen collection, prior immunization, and prior use of erythromycin therapy have been associwith a general increase in public and professional awareness of pertussis. ated with decreased sensitivity of culture for B. pertussis [8, 9, 11] . The lack of a highly sensitive and specific diagnostic test reinforces the importance of adequate history taking on Methods the part of physicians, as the diagnosis must often be made on clinical grounds.
Two retrospective cohort studies were conducted simultaneously in Quebec City between 31 May and 20 June 1993. The Relatively little literature is available pertaining to physician ability to make the diagnosis of pertussis. A distinguishing study methodology has been described in detail previously [15] . Briefly, the first cohort study included children attending 88 feature of the disease is the paroxysmal cough and characteristic whoop. Because the child may not cough in the physician's of the 91 child care centers in Quebec City, and the second included pupils attending kindergarten to grade 3 in 14 elemenpresence, the diagnosis could easily be missed without a high index of suspicion [12] . In a study of pediatric patients with tary schools in a suburb of Quebec City. Because the objectives of the current study were independent of the setting attended pertussis, the disease was not considered in the initial differential diagnosis in more than one-half of the cases [13] . Other by the children, data from the two cohort studies were merged and analyzed together. Parents completed a standardized questionnaire regarding all cough-associated illness of at least 2 weeks' duration and pertussis-related symptoms (paroxysmal 841 CID 1999; 28 (April) Failure to Consider Pertussis is 100% sensitive or specific, they provide estimates of the the 8,456 enrolled children participating. Ninety-five percent actual number of pertussis cases. The first, referred to as the of children attending child care centers had received at least surveillance case definition (SCD), is the clinical case definition three doses of pertussis vaccine, and 98% of children attending used for surveillance in Canada: a cough lasting §2 weeks elementary schools had received at least four doses of vaccine. with at least one pertussis-related symptom (paroxysmal cough, Of the 1,316 children who coughed for ú2 weeks and had at whoop, or posttussive vomiting or apnea) for which no other least one pertussis-related symptom, 778 consulted a physician cause is identified [16] . The second, referred to as the modified because of their illness. Of these children, 558 (72%) met the World Health Organization (WHO) case definition, is defined SCD, while the remaining 28% had another cause for their as a cough lasting §3 weeks with paroxysms. It is a modificacough when their medical records were reviewed (table 1) . If tion of the WHO case definition used in the acellular pertussis we apply this proportion to the 534 children who did not consult vaccine clinical trials that requires a paroxysmal cough of at a physician, it may be grossly estimated that 151 children had least 3 weeks' duration and a culture positive for B. pertussis, another cause for their cough and that 383 children met the SCD serological evidence of bordetella-specific infection as demonfor pertussis. Therefore, 59% (558) of 941 children meeting the strated by a significant rise in antibody titer, or a household SCD consulted a physician. contact with a bacteriologically confirmed case of B. pertussis
Of the 648 children meeting the modified WHO case definiinfection occurring within 28 days before or after the onset of tion, 64% consulted a physician. The only difference between illness in the study subject [17] .
children who consulted a physician and those who did not was To be eligible for inclusion in the study, children must have that children who consulted a physician had a greater mean met either or both case definitions for pertussis and consulted a number of symptoms (P õ .05). The remaining analysis is physician for their cough. Parental consent was obtained to exlimited to the 558 children meeting the SCD and the 416 meetamine the children's medical records. The medical records were ing the modified WHO case definition who consulted a physievaluated independently by two physicians, and data were abcian. Three hundred thirteen children consulting physicians met stracted with use of a standardized form. The following children both case definitions. were excluded from the study: children for whom parental con-
The mean interval between the onset of the child's cough sent was not obtained, children whose medical records were not and completion of the parental questionnaire was 3.5 months. located, and children with a history of pertussis before 1 July
The following pertussis-related symptoms were reported for 1992. If a diagnosis of pertussis was not made by a physician, children meeting the SCD for pertussis: paroxysmal cough, the medical records were reviewed for the duration of the child's 79%; posttussive vomiting, 49%; posttussive apnea, 41%; and cough episode, to a maximum of 10 consultations. If pertussis whoop, 30%. Among children meeting the modified WHO case was diagnosed, the records were not reviewed beyond the point definition, the proportions were similar except paroxysmal of diagnosis. Information on symptomatology was obtained from cough was present in 100% of children, as this was a requirethe parental questionnaire, and information on other potential ment to meet this case definition. causes of cough was obtained from the medical record review.
According to the children's medical records, a diagnosis of Physicians were classified as general practitioners (GPs), pertussis was considered in 24% of children meeting the SCD including emergency department physicians, or pediatricians.
and made in 52% of those in whom it was considered (table Physicians having other qualifications and those whose quali-2). Similarly, the diagnosis was considered in 26% of children fications were unknown were not included in the analysis permeeting the modified WHO case definition and made in 53% taining to physician types. Consultations were classified as of those in whom it was considered. Less than one half of the occurring in an office or hospital setting. Hospital visits inchildren (46% -47%) who were diagnosed with pertussis were cluded visits to the emergency department, visits to hospital reported to the provincial surveillance system. An NP swab clinics, or, rarely, hospitalization. To determine whether the was obtained from between 59% and 67% of children in whom cases were identified by the provincial surveillance system, the diagnosis was considered; cultures of 15% of these swabs identification variables for the study subjects were linked to yielded positive results. All children for whom a culture was those of cases reported to the Centre de santé publique de positive were diagnosed with pertussis; however, of children Québec, Beauport, Quebec.
for whom a culture was negative, 36% meeting the SCD and The data were analyzed by using the SAS system, version 42% meeting the modified WHO case definition were diag-6.12 (SAS Institute, Cary, NC). Proportions and means were nosed. All cases with a positive culture were reported to the calculated for descriptive statistics, and t tests, x 2 test, and provincial surveillance system. As the number of pertussislogistic regression were used to calculate inferential statistics. related symptoms increased, so did the proportion of children Odds ratios with 95% confidence intervals were reported, and from whom an NP swab was obtained and for whom a diagnosis a P value of .05 was considered statistically significant.
of pertussis was considered, made, and reported to the provinResults cial surveillance system (table 2) . Children consulting exclusively GPs, pediatricians, or both Eighty-eight of 91 child care centers and all 14 elementary schools agreed to be part of the study, with 8,235 (97%) of types of practitioners were compared ( sulting physicians with unknown or other qualifications were both types of practitioners. When these children were included in the analysis, pediatricians were significantly more likely to excluded from the remaining analysis. The mean age of children consulting pediatricians was younger than those condiagnose pertussis than were GPs (P õ .05).
Information about children's exposure to a known case of persulting GPs (P õ .001). Pediatricians were more likely to consider a diagnosis of pertussis than were GPs (P õ .04), and tussis was collected from parents. For the 133 children meeting the SCD whose parents were aware that their child had been they were also more likely than GPs to obtain an NP swab (P õ .001). When considering children who consulted excluexposed, 27% (24) of 90 GPs and 39% (12) of 31 pediatricians recorded this exposure in the child's medical records. For the 103 sively a GP or a pediatrician, the proportion of children diagnosed by pediatricians was greater than the proportion diagchildren meeting the modified WHO case definition whose parents reported an exposure, 21% (15) of 70 GPs and 45% (nine) of 20 nosed by a GP, yet this difference did not reach statistical significance (patients who met the SCD, P Å .08; those who pediatricians noted this exposure. Pediatricians were more likely to record this information in their medical records than were GPs; met the modified WHO case definition, P Å .06). However, pediatricians made most of the diagnoses in children seeing however, the difference was not statistically significant. Pertussis diagnosis varied according to a number of factors (table 4). The proportion of children in whom a diagnosis of pertussis was made was greater when children were older than retrospective nature, recall may not be totally accurate. How-WHO case definition includes a longer duration of cough, it should be more specific than the SCD, but including persons ever, for pertussis, information based on parental recall has been shown to be reliable as pertussis-related symptoms are with other causes of cough would decrease the specificity of the modified WHO case definition. Thus, the two case definitions characteristic and leave a strong impression on parents [18, 19] . Comparing parental recall of symptoms after conclusion provide two perspectives to estimate the number of cases of pertussis in the study population. It is interesting that the results of the cough episode to medical records of children consulting a physician during their illness may have underestimated cliniof the study were quite similar regardless of the case definition used. cians ability to make the diagnosis of pertussis, because children may have had a different number or severity of symptoms, During an outbreak, as was occurring during the study period, the positive predictive value of a clinical case definition duration of cough, or knowledge about pertussis exposure during the period of consultation from that that was reported by increases and is likely to exceed 70% [10] . Therefore, we would expect that ú70% of children classified as having pertussis on parents after the conclusion of the child's illness. By the time that the parents completed the questionnaires, the child's illness the basis of clinical case definition would have actually had pertussis. It should be noted, however, that some children meetwas over, and the duration, severity, and exposure history were fully known. Incomplete medical records may also have afing either case definition may not have had pertussis, as neither case definition is 100% specific. Therefore, the study may have fected the study results if physicians had considered a diagnosis of pertussis but not recorded it in their records or if they made underestimated the proportion of physicians who made the diagnosis. an alternative diagnosis without recording it. Nonetheless, the magnitude of the underdiagnosis of pertussis demonstrated sugIn this study, having all four pertussis-related symptoms (paroxysmal cough, whoop, and posttussive vomiting and apgests that these potential biases would not alter the study's conclusions. nea) was the most important predictor of diagnosis. Nonetheless, a diagnosis of pertussis was not made in more than oneThere is not a single standard case definition for pertussis used throughout the world, and no case definition is 100% half of these children. This finding suggests an unsatisfactory clinical performance by physicians, which was even more apsensitive or specific. The SCD excludes persons with an apparent etiology for their cough. Many of these causes, such as parent as the number of symptoms decreased. Diagnosis was significantly improved when the child's cough had been present sinusitis, bronchitis, pneumonia, and bronchospasm, may in fact be complications of pertussis. These exclusions would for §5 weeks, thereby suggesting that clinicians are less inclined to think of pertussis with a cough of shorter duration. decrease the sensitivity of the SCD. The modified WHO case definition does not make these exclusions, but its sensitivity
The presence of a known exposure to pertussis was also an important factor in diagnosis. In 24% -26% of cases, parents and specificity have not been evaluated. Because the modified / 9c64$$ap23 03-15-99 10:39:44 cida UC: CID were aware that children had had such exposure; however, in may unnecessarily delay diagnosis and treatment. Clinical diagnosis is sufficient for most children presenting with typical more than one-half of these instances, it was not recorded by physicians. When this information was written in the charts, it pertussis-related symptoms. A missed diagnosis of pertussis can have three main consewas not possible to know if the physicians actively elicited it or if the parents volunteered it. Likewise, when the information quences. First, if an alternative diagnosis is made, appropriate therapy with erythromycin, the antibiotic recommended for was not written in the chart, it was not possible to know whether the information was elicited by physicians and not written in treatment of pertussis, will not likely be initiated [16] . Second, chemoprophylaxis will not be given to family contacts in spite the chart, as medical records are not always a complete account of the patient consultation. However, even if the information of the risk of secondary transmission [20] . Treatment of persons with pertussis and prophylaxis for family contacts may be efwas elicited and not recorded, it was not used to establish the diagnosis of pertussis.
fective in decreasing disease severity, duration, and transmission if erythromycin therapy is started early [6, 16, 20, 21] . Improved diagnosis in a hospital compared with an office setting might be explained by easier access to diagnostic proceThird, parents may lose confidence in a physician's clinical ability if they consulted the physician with a child having dures, such as obtaining NP swabs. In Quebec City, most physicians' offices do not have the laboratory services that permit typical pertussis-related symptoms and the diagnosis was not made. This latter consequence was suggested by many written NP swabs to be obtained properly. These services are available in the hospital setting. In addition, children presenting to the comments received from parents during data collection that revealed that a number of parents were extremely upset that hospital may have had more severe symptoms facilitating the diagnosis.
pertussis was not considered by the numerous physicians who they saw, despite the increased awareness of pertussis in the Pertussis diagnosis was not significantly affected by the child's age, the number of consultations, or the type of physicommunity. Passive surveillance systems detect only a small proportion cian consulted. Despite the fact that pertussis is more severe in younger children, there was no improvement in diagnosis of all cases of pertussis [2 -4, 11, 18] . In this study, cases of 46% -47% of children with a diagnosis of pertussis were rein this age group. Pediatricians were more likely to make a diagnosis of pertussis than were GPs (21% -19% vs. 10% -ported to the surveillance system, representing only 6% of all children who consulted a physician and met a clinical case 11%, respectively); however, this difference did not reach statistical significance. Pediatricians were also more likely than definition for pertussis. Because this 6% does not include patients who did not consult a physician, it can be assumed that, GPs to obtain information about pertussis exposure, to obtain NP swabs, and to consider a diagnosis of pertussis, all of which in this age group, there were at least 20 times more cases than the number reported to the provincial surveillance system. This are important in making the diagnosis. However, the fact that the diagnosis was made in less than one-fifth of children conestimate is conservative. In adolescents and adults, the diagnosis is even more frequently missed than in children; therefore, sulting pediatricians and one-tenth of those consulting GPs among a group of children meeting clinical case definitions is the level of underreporting for the entire population would be greater than reported in this study [5, 6, 13] . troublesome for all clinicians.
Obtaining an NP swab was a predictive factor in diagnosis; Because pertussis continues to be an important cause of morbidity in North America, it is necessary for clinicians to however, swabs were obtained only from 14% -17% of children. These results suggest that culture for B. pertussis is underactively search for pertussis-related symptoms in all patients presenting with an afebrile cough and to consider obtaining utilized as a diagnostic tool. Although children for whom a culture was positive were diagnosed with pertussis, there was specimens for cultures for B. pertussis. Pertussis in its classical form is so characteristic that physicians should be able to rely an interpretive problem with negative results. Only 36% -42% of the children meeting the clinical case definitions who had on patient symptomatology and their clinical ability for diagnosis, especially during an epidemic period. Unfortunately, this a negative swab were diagnosed with pertussis, thus implying that, for many, a negative result was interpreted as confirmation study reveals that there needs to be tremendous improvement in our ability to make the diagnosis of pertussis. that pertussis was not present. In fact, culture for B. pertussis is known to have variable sensitivity [8] . Isolation rates are highest when specimens are taken during the catarrhal and
